Objective: To determine whether national distribution of a neonatal provider education program (the S.T.A.B.L.E. Program) positively impacts the health of ill newborns that require transport in Panama.
Introduction
Neonatal mortality is a pressing global concern.
1 Nearly four million newborns die each year, primarily in less developed countries where resources are limited. 2, 3 Decentralized, community-based health systems are common in these settings and advanced medical care may only be available at a single or small number of referral hubs. 4 Infants born in rural areas often require transport to tertiary care centers for management of complex diseases. 5 The neonatal mortality rate in Panama is 9.2 per 1000 live births, more than twice that of the United States. 6 Of approximately 65 000 births annually, two-third occur at birthing centers remote from Panama's two neonatal intensive care units (NICUs), which are both located in Panama City. Hospital del Niñ o is Panama's main children's hospital, houses the country's largest NICU and receives neonatal transports from all parts of the country. Approximately 30% of admissions, or up to 500 patients, are transported annually to Hospital del Niñ o from outside birthing centers. 7 Mortality rates among transported neonates in Panama are high. In 2005, the mortality rate among inborn neonates was 9% whereas that of newborns transferred from outlying facilities was more than 32%. 8 The mortality rate from one outlying birthing site was 89%. 8 No centralized transport system exists in Panama and transports are the responsibility of individual birthing centers.
There is evidence to suggest that neonates in Panama are not properly stabilized before and during transport. A recent study found that 29% of referred newborns were hypothermic on their arrival at Hospital del Niñ o. 9 In addition, intravenous fluids were not administered appropriately. 9 Hypothermia and hypoglycemia are preventable conditions that are detrimental to newborn physiology and have been well established to negatively impact the health of transported infants. [10] [11] [12] [13] Conversely, proper stabilization of neonates and high quality management during transport has been associated with improved outcomes. [14] [15] [16] The S.T.A.B.L.E. Program is a widely distributed continuing education course that addresses the postresuscitation and pretransport stabilization care of sick newborns. 'S.T.A.B.L.E.' is an acronym meant to aid in memorization and recall of the course tenetsFspecifically, Sugar (glucose), Temperature, Airway and Blood pressure management; Laboratory evaluation (with attention to identification and treatment of neonatal infection); Emotional support for families. 17 Owing to its simple approach for recognizing and treating newborn illness, its low cost and its reliance on few material supplies, the S.T.A.B.L.E. Program has the potential to help advance care in resource-constrained health systems. The Panama Ministry of Health, the Panamanian Pediatric Society, the Panamanian Perinatal Medicine Society and Hospital del Niñ o jointly aimed to improve the training and performance of neonatal care providers countrywide by teaching the S.T.A.B.L.E. Program to medical staff that are regularly involved in neonatal transport activities. To assess its impact on physical parameters and health outcomes, the program was distributed in the context of the current investigation. Of primary interest were body temperatures and serum glucose levels of transported newborns immediately on their arrival at the referral facility. Lengths of stay and mortality rates following admission were evaluated as secondary outcomes.
Methods
The study used a prospective, pre-and postintervention study design with a double pretest. The 10 outlying birthing centers in Panama that routinely transport the largest number of patients to Hospital del Niñ o received the intervention and were collectively used as their own historical controls. Quantitative analysis measured the impact of the education program by comparing the variation in outcome indicators among newborns transported during the 7-month periods before and after the intervention. The study took place from November 2006 to January 2008. Data from all live newborns transported from outlying birthing center study sites were included in the investigation. To our knowledge, and to that of the Panamanian Pediatric Society and the Panama Ministry of Health, no other innovations or education relating to newborn care practices took place at intervention centers during the study period.
The study intervention was implementation of the S.T.A.B.L.E. Program. A 'train the trainers' approach was employed. During a two-day workshop, 30 senior neonatal intensivists were trained and certified as S.T.A.B.L.E. Lead Instructors. Lead instructor teams then taught the course to 'learners' at each intervention site through a didactic and interactive curriculum over approximately 16 h in 2 days. Learners were defined as all medical staff involved in the care and transport of newborns, and included physicians, nurses, physicians-in-training and auxiliary health officers. Approximately 15 to 20 learners received training at each of the 10 birthing center study sites. Courses were taught in Spanish with the use of Spanish S.T.A.B.L.E. training manuals and CD-ROM slide presentations. Informed consent for participation in the study was obtained from medical staff during the intervention.
Primary outcome measures were body temperature and serum glucose level of transported neonates measured immediately on arrival at Hospital del Niñ o. Normothermia and normoglycemia were defined as 36.5 to 37.5 1C and 50 to 140 mg per 100 ml, respectively. [18] [19] Prespecified secondary outcomes were lengths of hospital stay and mortality following admission to the referral facility. Demographic data, 5-min Apgar score, initial blood gas pH, originating birthing center (as a proxy for transport distance) and diagnosis were recorded. Outlying birthing center study sites were not supplied with thermometers and glucometers, but rather they made use of their own standard equipment. Neonatal patients were transferred by ambulance and accompanied by a medical intern, other physician, nurse or auxiliary health officer. Transports were admitted through the emergency ward at Hospital del Niñ o and most study data were recorded by emergency room staff. Temperatures in the emergency ward were measured rectally with a mercury-in-glass thermometer. A minority of patients were rapidly triaged in the emergency ward and quickly transferred to the NICU before a temperature measurement was obtained. In these patients, the first temperature was recorded in the NICU where standard practice was measurement at axillary sites using a digital thermometer.
Temperatures less than what could be measured were recorded as 33 1C. Study data not recorded at the time of patient admission were obtained later through chart review.
Based on previous studies, newborns from the observation period were assumed to have a mean temperature of 36 1C and average serum glucose level 35 mg per 100 ml. 9 We calculated that to achieve 95% power to detect a 1 1C difference in temperature and 15 unit difference in serum glucose at P ¼ 0.05, the required sample size in each group was 88 neonates. Data describing 120 patients in each group were planned to account for potential losses. 
Results
The study included 136 and 146 neonates transported during the observation and postintervention periods, respectively. Demographic profiles, 5-min Apgar scores, initial blood gas pHs, transport distances and patient diagnoses were similar between the two groups ( Table 1) . Ten neonates in the observation group and five patients in the postintervention group had temperatures less than that the thermometer could measure, and were recorded at 33 1C.
The incidence of hypothermia and hyperthermia was significantly reduced in the postintervention period (56% of neonates were normothermic in the postintervention group vs 34% in the observation group; P<0.01). This finding is demonstrated graphically by the narrowed temperature distribution in postintervention patients (Figure 1 ). The mean admission temperature did not significantly differ between the postintervention and observation groups (36.5 vs 36.2 1C, respectively; P ¼ 0.06).
Mean serum glucose was not different between the study groups, nor was the proportion of patients with normal serum glucose in each group (Table 2 ). Of note, the incidence of hyperglycemia was relatively high. Hypothermia and hypoglycemia were not correlated in either the observation or postintervention groups. There were no differences between the comparison groups in lengths of stay or mortality following transport (Table 2) .
Discussion
This national investigation analyzed the effect of a health facilitybased education intervention in Panama. To our knowledge, this is the largest prospective study measuring physiologic parameters and clinical outcomes of newborns that require transport in resourceconstrained settings. 20 Wide-scale implementation of proven, cost-effective interventions is recognized as a central strategy to improve neonatal health and survival in less developed countries. 2, 21 Knowledge and practice of appropriate thermal control of newborns was lacking in a large cross-sectional survey of health professionals in seven countries, and hypothermia is a well described complication during neonatal transport. 22, 23 The finding in this study that distribution of the S.T.A.B.L.E. Program was associated with improved thermal management of transported neonates has important implications for the design and implementation of future newborn care programs in Panama and other countries where resources are limited. Additional studies are required to confirm this association and to determine whether a beneficial effect could be augmented with longer duration trainings, distribution of additional educational materials (such as posters displaying proper algorithms of care) or frequent refresher courses. Further investigation will also help to understand the impact of this program in populations that do not suffer from such dramatic baseline rates of hypothermia. Improvement in glucose management was not observed in the postintervention group, nor was changes in lengths of stay or mortality rates. Glucose homeostasis in sick newborns is a complex process that can be particularly challenging to manage in settings with limited resources where access to essential supplies (for example, glucometers, intravenous catheters, intravenous fluid solutions, infusion pumps) is variable. 24 The elevated rates of hyperglycemia that were noted may have resulted from inappropriately high glucose infusions, patient stress or other factors. 25, 26 The lack of a significant difference in mortality between the two groups may have resulted from an inadequate sample size.
The nonrandomized assignment of the comparison groups was a limitation of this study, as it is in many field research trials. Although the S.T.A.B.L.E. Program itself had not been formally evaluated in resource-constrained settings, the course tenets comprise accepted therapeutic practices and it was decided not to withhold potentially beneficial trainings. Pretest-posttest interventions are vulnerable to internal validity design threats, although the double pretest used in this study helped to control for regression to the mean and maturation effects. 27 Seasonal variation may have been confounding but this effect is less likely in Panama, located just north of the equator, where temperatures vary little from month to month. 28, 29 The rainy season that peaks late in the year might have promoted cooling of ill newborns but this effect would have impacted greater on patients in the postintervention group who had higher temperatures overall. Although variation existed in standard body compartments used for measuring temperatures in the emergency ward (rectal) and in the NICU (axillary), several studies have demonstrated close correlation between rectal and axillary temperatures in newborns. 30, 31 Moreover, few babies had their initial temperatures recorded in the NICU. A final potential limitation regards transport personnel who may not have received the intervention. Attempts were made to include all medical staff involved with neonatal transports during trainings at outlying birthing study centers, but individuals may have been absent from the training program for various reasons and new staff may have rotated through outlying birthing center study sites following intervention implementation.
Conclusion
National distribution of a neonatal provider educational program (the S.T.A.B.L.E. Program) was associated with improved thermal management of transported newborns in Panama. Further research will help to confirm this association, determine the sustainability of this improved practice beyond 7 months, identify how best to integrate this type of program into existing health services and understand the extent to which these findings are generalizable to other resource-constrained settings.
